Introduction
In the recent years, the Central Europe has recorded noticeable changes to air pollution, both emissions and airborne pollutants. The effects of acid substances from the air on ecosystems have been reduced. However, there is another critical problem: ground level ozone occurring in increasing concentrations (Schmidt et al. 2008) and negatively influencing all components of the environment. The concentrations of this harmful substance in mountain and high-mountain areas are often higher than in urban agglomerations (Fleischer at al. 2005) . During the years 1992-1996, the region of the Western Carpathians Mts was one of the most loaded in Europe, with the ozone levels often two times more than the critical limit (Kremler 2002 , Bytnerowicz et al. 2004 ). The worsening of ozone conditions is associated with climatic changes characterised with temperature extremes and prolonged dry periods alternating with torrent rainfall events. In a long prospect, these conditions are forcing modification of the existing coniferous forest stands into mixed ones. A species promising to substitute in pure coniferous stands is European beech Fagus sylvatica (L.), significant from the viewpoint of wood production in Slovakia and sharing with 31.2 % the highest proportion in the species composition of the Slovak forests. So, also in regions hitherto characteristic with coniferous forest cover, mixed forest stands are being shifted into the centre of interest (Hlásny et al. 2011) .
Ozone, at presence of its precursors, has destructive effects on vegetation (Uhlířová et al. 2003 , Gűnhardt-Goerg 2003 . It affects biochemical processes in plant assimilatory organs and decelerates the rate of photosynthesis. The first symptoms of ozone damage to plants are, due to chlorophyll deficit, manifested as chlorosis and later as drying out the tissue (Mikkelsen et al. 1995) . Later, the plants lose their woody mass which causes changes to the architecture of their aboveground parts. The slowed vital functions impair the plant´s root system and the stability of the whole forest ecosystem. The priority in forest management as well as in forestryecological research is to preserve the forest stability. Apart from biotic and abiotic factors, the stabillity of ecosystems is significantly influenced by the management methods applied and by the processes of stand regeneration.
The aim of our research was to measure ground level ozone concentrations parallelly, at the same time and at the same altitude, and to evaluate the differences between the two localities. We supposed differences linked to the regional levels of airborne pollution. There was also monitored development of ozone concentrations in the beech stand that was changed in the study period from a forest stand to an open plot.
study area
Our research ran on non forested plots in the Štiavnické vrchy Mts. (A) and the Kremnické vrchy Mts. (B) (Western Carpathian region), and on a plot in the Kremnické vrchy Mts. (C) from which the original beech stand was removed by gradual regeneration cutting.
The Kremnické vrchy Mts. and the Štiavnické vrchy Mts. are volcanic mountain massifs belonging to the Slovenské Stredohorie Mts. Their basins feature intensive agriculture, industry and landscape urbanisation.
The studied mountains belong into the forest zone with dominant occurrence of the third, oak-beech forest vegetation tier. The research plot in the Štiavnické vrchy Mts. is NW facing, while the plots in the Kremnické vrchy Mts. are oriented W. In context of the ground level ozone, this difference is noticeable. All plots are situated at adequate distances from the local and municipal sources, but they differ by their distance from the major pollution source. The plot in the Štiavnické vrchy Mts. is near to the important pollution source, the other two plots in the Kremnické vrchy Mts. are distant 18 km. 
Method
The ground level ozone (O 3 ) concentrations were measured by the sorption-accumulation method proposed by Werner (1991) Passive ozone samplers are installed in pairs on each plot. Their service is easy and the obtained results are compatible with continual analysers (Cox 2003 , Bytnerowicz et al. 2004 .
The principle of ozone amount determination is based on the selective reaction of an indigo layer applied on a filtration paper with the atmospheric ozone. The papers are exposed in the field for 7-10 days, and then they are extracted with ethanol in the laboratory. The reaction between indigo and ozone results in the creation of izatine, which is indicated by yellowing of the test papers. The content of izatine is determined using spectrophotometry at a wave-length of 408 nm. The final value of the extinction is proportional to the izatine content and, as follows, also to the ozone content. The . The equipment used to expose the indigo papers consists of a roofed stand and a perforated cylinder (a passive sampler) into which we placed the papers prepared in the laboratory. The detailed description is in Kellerová (2002) .
Statistical processing of the results and testing of differences between the measured ozone concentrations were done with the software package Statistica.
Results and discussion
The plot A in the Štiavnické vrchy Mts. exhibited the lowest mean value 54.4 µg m -3 (Tab. 2) over the whole study period. The maximum value, 142 µg m The concentration values on all plots were very similar, the trends in dynamics of the trapped ozone were not easy to discern. The cause may have been in the relatively short research period or in the rather high variability: 48.42 % on plot A in the Štiavnické vrchy Mts., 46.48 % on plot B in the Kremnické vrchy Mts. and 42.84 % in natural regeneration on plot C in the Kremnické vrchy Mts. Important drivers were climatic, meteorological and anthropic factors (Kellerová, Janík 2006 , 2009 and geographic aspect. Somewhat higher average values in the Kremnické vrchy Mts. compared to the Štiavnické vrchy Mts. may be due to SW aspect of plots B and C (Hůnová, et. al. 2007 ). The descriptive statistic parameters are in Tab. 2 The Central European sub-mountain, equally as high-mountain zones is showing two maxima in a year: the first generally in spring (April, May), the second in summer ( (Fig. 1) .
Apart from spatial variability, there was evidence for time variability. (Kellerová, Janík 2006 , 2009 Despite there had not been recorded an increase in the ozone concentrations over the study period, the occurrence of extreme values still represents a serious risk. The episodes with high ozone concentrations arise due to the local and regional emissions of ozone precursors, and in Slovakia also due to the transboundary pollution (Závodský et al. 2001 , Liu et al. 2006 , Zapletal, Chroust 2007 . The ozone formation in Slovakia is by 10 % due to the local sources, and mostly at presence of advection. The main local driver is the fast growing car traffic.
There were not detected remarkable inter-annual differences in the mean ozone concentratins values calculated for the whole SR territory: 62, 61 and 62 µg m The measured ozone concentrations demonstrate absence of an unequivocal trend, probably due to effects of multiple environmental factors. Gardner and Dorling (2000) , Sundberg et al. (2006) have shown that the inter-annual variation in ozone concentrations linked to meteorological factors may be much more pronounced than the variation linked to the concentrations of ozone precursors. This has also been confirmed by Finlayson-Pitts, Pitts (2000) who claim that the most favourable conditions for photo-chemical ozone formation are in general: high temperature, high solar radiation intensity, absence of atmospheric precipitation, low wind speed and low relative air humidity. For completeness, the basic climatic characteristics for the study localities are summarised in Tab. 3.
Conclusion
In the recent years, ecological situation in Central Europe has been showing positive trends; mainly thank to the improved situation in airborne pollutants in terms of the main emission parameters.
The situation in ozone formation has not stabilised yet; the development trend is not possible to outline unambiguously. The values measured on all plots in the Štiavnické vrchy Mts. and the Kremnické vrchy Mts. were displaying high variability over the whole study period. The relatively lowest variability values were obtained for the formerly forested plot in the Kremnické vrchy Mts. (C).
The testing revealed statistically significant differences, especially between the years. Episodes with high ozone concentrations have negative effects on all plots discussed in this study.
Beech, together with spruce and fir, is a very sensitive species. However, in the next years, it is assumed keeping its dominant place among woody plants of Central Europe, despite the anticipated climate change..
